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Abstract
Soil temperature is a parameter that has been studied for a considerable time and from
many different perspectives. However, relatively few studies have been conducted for taxonomic
purposes and fewer still have focused on how changes in soil temperature related to global
climate change may affect soil taxonomy. Soil temperature regimes are used to subdivide soils
with similar properties that exist in dissimilar climate zones requiring different management
practices depending on intended use. Seven sites with variable surficial features were used for
this study within a cohesive sagebrush-steppe Eastern Sierra glacial moraine landform. Soil
temperature was measured once a month for ten years, 50 cm below the soil surface. Vegetation
density and subsequent plant litter on the soil surface were the most important factors controlling
soil temperature and its annual and long term stability. Landscape position and slope shape also
affected soil temperature, but may be primary factors determining vegetation type and vigor
within a landform. Three of the seven sites had different temperature regimes, based on the tenyear average temperatures measured 50 cm below the soil surface, than was estimated by climate
data at the beginning of the study. Typically, soil temperature is estimated by adding 1° C to the
mean annual air temperature. The data collected in this study suggest the methods by which we
measure and use soil temperature to classify soils are less than precise and should only be used
as a secondary characteristic for distinction of soils within a survey area.
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Chapter 1

Introduction
Soil temperature is a parameter that has been studied for a considerable time and from
many different perspectives. However, relatively few studies have been conducted for taxonomic
purposes and fewer still have focused on how changes in soil temperature related to global
climate change may affect soil taxonomy (Jensen, 1989; McDole and Fosberg, 1974; Mount and
Paetzold, 2002; Schmidlin et al., 1983). Most studies of soil temperature for taxonomic purposes
have taken place in the United States, which is not surprising because the temperature regime
must be known to classify soils based on the United States Department of Agriculture’s (USDA)
Keys to Soil Taxonomy (Soil Survey Staff, 2010).
The temperature of a soil is one of its most important properties because it controls the
type and quantity of plant growth and biotic activity, which in turn mediate soil formation.
Biological processes in the soil are largely controlled by the soil’s temperature and moisture
content. Below the freezing point there is little biotic activity, water is no longer a free-moving
liquid and, with the exception of cryoturbation, the soil is at a standstill (Natural Resource
Conservation Service, 1999).
Between temperatures of 0 and 5 °C, seed germination and root growth of most plant
species is impossible. Some plants have adapted to survive in extreme soil temperatures. In
Antarctica, for example, the plant Deschampsia antarctica grows only at temperatures below
7 °C. At the other extreme, seeds of the plant Asclepias curassavica require a soil temperature of
24 °C or higher for germination (Schlag and Erschbamer, 2000).
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The objective of this study was to investigate soil temperature differences within a
sagebrush-steppe Eastern Sierra landscape, examining the primary factors that influence soil
temperature. Soil temperature regularity is as important as soil temperature change within the
relatively short study period; however, even minor changes in soil temperature within a given
landscape can have significant implications on soil classification and management.
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Chapter 2
Literature Review
Soil temperature is commonly recorded as an annual measurement, called the mean
annual soil temperature (MAST). The MAST of a soil is controlled primarily by vegetation type
and amount as well as the steepness of the slope and the directional orientation of the slope face.
These factors strongly influence the moisture content of a soil, determining the variety and vigor
of life within the soil system (Brady and Weil, 2008). Soil temperature is intrinsically tied to
global climate change as a function of carbon storage from plant litter and mineralization by
heterotrophic soil microorganisms.
Mean Annual Soil Temperature
At any given moment, the temperature of a soil may vary substantially between distinct
soil horizons. Soil temperatures near the surface tend to fluctuate throughout the day, while
temperatures at greater depth show less frequent and smaller magnitude fluctuations. Therefore,
the standard depth of measurement, as dictated by the USDA soil taxonomic system, is 50
centimeters below the soil surface (Soil Survey Staff, 2010).
The mean annual soil temperature, typically estimated by above ground climate and
precipitation data, is closely related to mean annual air temperature. However, the relationship
between above and below ground temperatures is convoluted and should also reflect annual
rainfall distribution, snow cover pervasiveness, slope, aspect, slope shape, irrigation, and
protection provided by shade or thick organic surface deposits. Smith et al. (1964) suggested
factors pertaining to soil taxonomy such as soil texture, color, and organic matter content have
negligible effects on a soil’s temperature characteristics. If we dismiss the upper few inches, the
changes in mean annual soil temperature with increasing depth show a linear relationship. It also
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becomes apparent that increasing soil depth has a damping effect on soil temperature sensitivity
and fluctuations (Figure 1).

Figure 1. Soil temperature gradients with air temperature for winter and summer in relation to
the mean annual temperatures in Ames, Iowa (Excerpted from Chang, 1958).
Frequently the mean annual soil temperature is estimated by adding 1 °C to the mean
annual air temperature for much of the United States. However, recorded soil temperature data
indicate that, in many cases, the mean annual soil temperature should be estimated by adding 2°
or 3 °C to the mean annual air temperat
temperature (Table 1).
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Table 1. Mean annual soil temperature and mean annual air temperature for select regions in the
United States (Adopted from Natural Resources Conservation Service, 1999).
Site Location
MAST †
MAST - MAAT ‡
Adams Ranch, New Mexico
14.67
2.94
Crescent City, Minnesota
7.30
1.39
Ellicott City, Maryland
12.30
1.14
Geneva, New York
9.60
1.20
Lind, Washington
11.12
1.70
Mandan, North Dakota
7.13
2.84
Molly Caren, Ohio
11.72
2.19
Nunn, Colorado
10.43
2.89
Prairie View, Texas
21.17
1.79
Rogers Farm, Nebraska
11.25
1.84
Tidewater, North Carolina
16.29
0.72
Torrington, Wyoming
9.96
2.40
Wabeno, Wisconsin
6.14
2.10
Watkinsville, Georgia
17.20
2.14
† Mean annual soil temperature (Celsius).
‡ Mean annual soil temperature minus mean annual air temperature (Celsius).

In some regions “iso” temperature regimes are used to classify soils in which the
difference between summer months (June, July, August) and winter months (December, January,
February) is less than 6 °C (Soil Survey Staff, 2010). There has been much controversy about the
definition of “iso” because in the first edition of the Keys to Soil Taxonomy the difference
between summer and winter months had to be less than 5 °C. In the second edition, and those
after, the definition was changed to a difference of 6 °C in order to accommodate a tropical,
mountainous area on the Hawaiian island of Maui. Trejedor et al. (2009) suggested that
preconceived “summer” and “winter” months should not be used to develop “iso” temperature
regimes, but rather the difference between the actual hottest and coldest months is a better
measurement of isostacy (Table 2).

Table 2. Soil temperature regimes from regions around the world calculated using the USDA
soil taxonomy system and by using the three hottest and three coldest months of the year
(Adapted from Trejedor et al., 2009).
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USDA Soil Taxonomy
MST – MWT † Temperature Regime

Warmest and coldest months
Site
TWM – TCM Temperature
‡
Regime
1
4.5
Isothermic
6.1
Thermic
2
3.8
Isothermic
6.0
Thermic
3
2.7
Isothermic
5.9
Thermic
4
3.7
Isothermic
5.6
Thermic
5
0.6
Isothermic
3.5
Isothermic
6
4.1
Isothermic
5.2
Isothermic
7
5.0
Isothermic
10.7
Thermic
8
2.4
Isothermic
5.3
Isothermic
9
5.1
Isothermic
6.6
Thermic
10
5.2
Isothermic
6.2
Thermic
11
5.0
Isothermic
7.3
Thermic
12
4.1
Isothermic
7.0
Thermic
13
2.2
Isomesic
4.8
Thermic
14
2.3
Isomesic
4.3
Thermic
15
1.9
Isomesic
4.3
Isothermic
16
2.1
Isomesic
3.7
Isothermic
17
2.7
Isomesic
4.4
Isothermic
18
2.2
Isomesic
5.8
Mesic
19
3.5
Isomesic
5.6
Mesic
20
4.0
Isomesic
7.0
Mesic
21
4.8
Isomesic
7.6
Mesic
22
4.1
Isomesic
7.1
Mesic
† Difference between mean summer temperature (June, July, and August) and mean winter
temperature (December, January, and February).
‡ Difference between the mean temperature of the three warmest months of the year and the
mean temperature of the three coldest months of the year.

Vegetation
Plant litter decomposition rates are retarded in cold areas due to a reduction in microbial
activity. As plant litter cover thickens, the amplitude of seasonal soil temperature fluctuations are
reduced, effectively insulating the soil throughout the year. Therefore, one of the greatest regions
of concern for global climate change is the arctic tundra because these soils contain much
organic matter that may be subject to mineralization upon even minor warming (Lee et al.,
2010). Soil surface plant litter accumulation is a function of the vegetation type found onsite
contributing to surface debris. A cleared field or bare soil is subject to large variations in soil
6

temperature annually, while forest soil temperatures remain relatively constant because the tree
canopy shades the soil surface and contributes greatly to surface debris. Frost penetration in the
winter is considerably greater in bare, noninsulated land (Figure 2).

Figure 2. Mean monthly soil temperatures at 50 cm below the soil surface in 1992, near Delta
Junction, Alaska, 64.0° N (Excerpted from Shur et al., 1993).
Slope and Aspect
The aspect (directional orientation of the slope face) and slope (typically expressed as a
percent) affect the way the sun’s rays strike the soil surface. If the sun is directly overhead, the
incoming path of the rays is perpendicular to the soil surface, and energy absorption as well as
soil temperature increase is greatest (Brady and Weil, 2008). In the Northern Hemisphere, southfacing slopes typically show smaller deviations from the mean annual temperature than northfacing slopes (Natural Resource Conservation Service, 1999). However, in high altitude areas the
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effects of aspect decrease substantially (Figure 3).

Figure 3. Relationship between soil temperature and elevation on north and south slope aspects
(Excerpted from Jensen et al., 1989)

Soil Organic Carbon
Increases
ncreases in temperature can accelerate the decomposition of organic carbon contained in
mineral soils and, therefore, global warming should increase the release of soil organic carbon to
the atmosphere as carbon dioxide gas (Kirschbaum, 1995; Trumbore and Amundson, 1996).
1996)
Other studies suggest soil organic carbon decomposition rates in forest soils are not controlled by
temperature limitations
mitations to microbial activity, in fact, increased temperature alone will not
stimulate the decompositionn of forest
forest-derived carbon in mineral soils (Giardina and Ryan, 2000).
2000)
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A global-scale relationship between soil carbon decomposition rates and mean annual
temperature is central to predicting how global warming may accelerate the release of carbon
stored in mineral soils. However, organic matter decomposition is catalyzed by enzymes, and
enzyme activity is limited by temperature only when the supply rate of substrate exceeds the
reaction rate for that substrate (Cheng et al., 1996). Therefore, the most plausible explanation for
the temperature insensitivity of soil carbon decomposition is that heterotrophic microbes in
mineral soil (those organisms responsible for decomposing soil organic carbon) survive on a
supply of substrate that is less than optimal for growth. (Nadelhoffer et al., 1991).
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Chapter 3
Materials and Methods
The study sites were located on north to northeast facing glacial moraine slopes (0-35 %)
extending east from Virginia Lake at the base of the Sierra Nevada Mountain Range. Site
elevations range from 8290 to 8711 feet, composed of soils formed from mixed glacial till
overlain by volcanic ash deposits. Average annual precipitation is 10 – 15 inches with average
annual air temperatures ranging from 45 – 47 °F (7 – 9 °C).
Vegetative cover ranges from 25 – 80 %, consisting of communities of Western White
Pine (Pinus monticola) and Lodgepole Pine (Pinus contorta), stands of Quaking Aspen (Populus
tremuloides), Ceanothus, Currant (Ribes), Mountain big sagebrush (Artemisia tridentate),
Snowberry (Symphoricarpos), and many grasses including Big Squirreltail (Elymus multisetus),
Western Needlegrass (Chnatherum occidentale), Indian Ricegrass (Oryzopsis hymenoides), Pine
Needlegrass (Achnatherum pinetorum), Prairie Junegrass (Koeleria macrantha), Blue Wildrye
(Elymus glaucus), and Oniongrass (Romulea rosea).
Soils are typically very deep ( > 150 cm) with dominantly sandy textured soils,
moderately well-drained with moderately rapid permeability. This area is well suited for
rangeland/ pastureland, recreation, and wildlife habitat.
Site Descriptions
Twenty-seven thermocouple sites were set up east of the Sierra Nevada Mountains, in
Douglas, Lyon, Mineral, and Mono counties. The Seven sites used for this study are from the
same area, approximately five miles north of Mono Lake and one mile east of Virginia Lake, at
an average elevation of 8500 feet (Figure 4).
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Figure 4. Soil temperature study sites near Conway Summit, Mono County, California.
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A description of the soils and site features were recorded at the time of thermocouple
installation in the fall of 1998. The sites for this study were chosen for their relative proximity to
one another, with similar elevations but substantial variations in surficial features such as
vegetation type, slope shape, and landscape position.

Conway North
The Conway North site (CN) is located on a north to northwest facing, 33% slope,
mountain backslope. The soil is described as a loamy-skeletal, mixed, superactive, frigid Pachic
Argixeroll (Figure 5, Table 3).

Figure 5. Conway North soil temperature thermocouple, with temperature monitor.

Table 3. Conway North site description and characteristics as of fall 1998.
Taxonomy
Loamy-skeletal, mixed, superactive, frigid Pachic Argixerolls
Vegetation
Antelope Bitterbrush, Mountain Big Sagebrush, Snowberry, Currant,
Rabbitbrush, Big Squirreltail, Western Needlegrass, Indian Ricegrass,
Oniongrass, Tapertip Hawksbeard, Eriogonum
Elevation (feet)
8290
Slope (%)
33
Aspect (degrees) 300° N-NW
RF Modifier †
50 % GR, 5 % CB, 5 % ST, 3 % BY, Total = 63%
Relief
Linear
Lat/ Long (dms) 38° 05’ 29.3” N, 119° 10’ 38.77”
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
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Conway Ridge
The Conway Ridge site (CR) is located on a northwest facing, 8% slope, convex
mountain shoulder. The soil is described as an ashy-skeletal, glassy, Vitritorrandic Argixeroll
(Figure 6, Table 4).

Figure 6. Conway Ridge soil temperature thermocouple, with temperature monitor.

Table 4. Conway Ridge site description and characteristics as of fall 1998.
Taxonomy
Ashy-skeletal, glassy, Vitritorrandic Argixerolls
Vegetation
Low Sagebrush, Antelope Bitterbrush, Western Needlegrass, Prairie
Junegrass, Pine Needlegrass, Indian Ricegrass, Eriogonum, Phlox
Elevation (feet)
8601
Slope (%)
8
Aspect (degrees) 80° NW
RF Modifier
50 % GR, 10 % CB, 15 % ST, 5 % BY, Total = 80%
Relief
Convex
Lat/ Long (dms) 38° 05’ 12.31”, 119° 11’ 51.87"
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
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Conway ARVA
The Conway ARVA site (CA) is located on a north facing, 14% slope, linear mountain
backslope. This very productive soil, dominated by annual grasses and shrubs, is described as an
ashy-skeletal, glassy, Vitritorrandic Argixeroll (Figure 7, Table 5).

Figure 7. Conway ARVA soil temperature thermocouple, with temperature monitor.

Table 5. Conway ARVA site description and characteristics as of fall 1998.
Taxonomy
Ashy-skeletal, glassy, frigid Vitrandic Argixerolls
Vegetation
Mountain Big Sagebrush, Antelope Bitterbrush, Snowberry,
Greenleaf Manzanita, Western Needlegrass, Blue Wildrye, Big
Squirreltail
Elevation (feet)
8253
Slope (%)
14
Aspect (degrees) 20° N
RF Modifier
25 % GR, 5 % CB, 5 % ST, Total = 35%
Relief
Linear
Lat/ Long (dms) 38° 05’ 1.34”, 119° 11’ 08.31
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
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Limber Pine
The Limber Pine site (LP) is located on a north to northeast facing, 28% slope, linear
mountain backslope. This site has a well established community of high canopy White Pine and
Lodgepole Pine trees, and its soil described as an ashy-skeletal, glassy, frigid Vitrandic
Cryoboralf (Figure 8, Table 6).

Figure 8. Limber Pine soil temperature thermocouple, with temperature monitor.

Table 6. Limber Pine site description and characteristics as of fall 1998.
Taxonomy
Ashy-skeletal, glassy, frigid Vitrandic Cryoboralfs
Vegetation
Mountain Big Sagebrush, Western White Pine, Lodgepole Pine,
Western Needlegrass, Muttongrass, Big Squirreltail
Elevation (feet)
8711
Slope (%)
28
Aspect (degrees) 35° N-NE
RF Modifier
30 % GR, 5 % CB, 3 % ST, Total = 38%
Relief
Linear
Lat/ Long (dms) 38° 05’ 0.02”, 119° 12’ 20.26”
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
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Conway Aspen 1

The Conway Aspen site (A1) is located on a north facing, 15% slope, linear mountain
toeslope. This site has a well established Quaking Aspen community, adjacent to the Limber
Pine site. The soil is described as a loamy-skeletal, mixed, superactive, Pachic Cryoboroll
(Figure 9, Table 7).

Figure 9. Conway Aspen 1 soil temperature thermocouple, with temperature monitor.

Table 7. Conway Aspen site description and characteristics.
Taxonomy
Loamy-skeletal, mixed, superactive, Pachic Cryoborolls
Vegetation
Aspen, Mountain Big Sagebrush, Snowberry, Mountain Brome,
Western Needlegrass, Blue Wildrye, Big Squirreltail, Letterman’s
Needlegrass, Slender Wheatgrass, Oniongrass
Elevation (feet)
8338
Slope (%)
15
Aspect (degrees) 350° N
RF Modifier
25 % GR, 5 % CB, 1 % ST, Total = 31%
Relief
Linear
Lat/ Long (dms) 38° 05’ 14.77”, 119° 11’ 23.41”
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
16

Conway Aspen 2
The Conway Aspen 2 site (A2) is located on a north facing, 17% slope, concave
mountain footslope. This site has a well established Quaking Aspen community, and its soil is
described as a loamy-skeletal, mixed, superactive, Pachic Argicryolls (Figure 10, Table 8).

Figure 10. Conway Aspen 2 soil temperature thermocouple, with temperature monitor.

Table 8. Conway Aspen 2 site description and characteristics.
Taxonomy
Loamy-skeletal, mixed, superactive, Pachic Argicryolls
Vegetation
Aspen, Mountain Brome, Western Needlegrass, Big Squirreltail,
Oniongrass
Elevation (feet)
8675
Slope (%)
14
Aspect (degrees) 17° N
RF Modifier
15 % GR, 1 % CB, 1 % ST, Total = 17%
Relief
Concave
Lat/ Long (dms) 38° 05’ 2.40”, 119° 12’ 14.50”
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
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Conway Snowbush
The Conway Snowbush site (CS) is located on a north facing, 24% slope, concave
mountain backslope. This highly productive site, with vegetation dominated by ceanothus. Its
soil is described as a loamy-skeletal, mixed, superactive, Pachic Argicryolls (Figure 11, Table 9).

Figure 11. Conway Snowbush soil temperature thermocouple, with temperature monitor (Mono
Lake pictured in the background).

Table 9. Conway Snowbush site description and characteristics.
Taxonomy
Loamy-skeletal, mixed, superactive, Pachic Argicryolls
Vegetation
Ceanothus, Mountain Big Sagebrush, Snowberry, Antelope
Bitterbrush, Hemlock, Western Needlegrass, Big Squirreltail, Stipa
Californica
Elevation (feet)
8427
Slope (%)
24
Aspect (degrees) 30° N
RF Modifier
15 % GR, 1 % CB, 1 % ST, Total = 17%
Relief
Concave
Lat/ Long (dms) 38° 05’ 7.85”, 119° 11’ 19.50”
† Rock Fragment modifier: GR (gravel, 2-76 mm), CB (cobble, 76-250 mm),
ST (stone, 250-600 mm), BY (boulder >600 mm
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Soil Thermocouple Apparatus
Thermocouples were assembled using T-20, Teflon coated 20 gauge wires (Pyromation).
Wire ends were stripped, twisted tightly together to achieve good contact, silver soldered, and
then coated with protective, silicon calking. Electrical shrink tubing was placed over the silicon
coated wire, and then heated to seal the connection.
The thermocouples were cut to the appropriate length for each site. The thermocouples
were placed at a depth of 50 cm and 100 cm at each site, but for this study only the 50 cm data
was used. Two thermocouples were installed for each site, but if bedrock was encountered within
100 cm the thermocouple was installed at the upper part of the bedrock contact (Figure 12). The
exposed ends of the thermocouple were cut, stripped, and fitted with Banana Plugs (Pomona). A
representative thermocouple was calibrated using an ice bath and room temperature comparisons
against a thermometer.

Figure 12. Pictorial representation of a soil temperature thermocouple setup.
19

Measurement
Soil temperature measurement began in the fall of 1998. To achieve complete annual
cycles, the data for this study began in December of 1998 and ended in December of 2008. Soil
temperature measurements were made using a model TH-65 Digital TC Thermometer (Wescor).
Digital thermometers were calibrated by Applied Industrial Controls, in Sparks, Nevada.
Portable, digital temperature boxes were carried to each thermocouple site, recording each
available temperature ± 5 days of the 15th of each month from 1998 to 2008.
Statistics
Digital thermometers were zeroed each time before measurement to ensure precision.
Temperatures typically fluctuated for 3-5 minutes before stabilizing to a constant temperature.
The temperature had to remain constant for 10 seconds without fluctuation before it was
recorded for each site, at both depths. The temperatures recorded for this study were taken once a
month for ten years, resulting in 120 results for each site over the study period.
Monthly data was averaged to obtain a mean annual soil temperature for each site over
the 10 year study period. Average annual soil temperatures were combined to generate
conclusive, statistically important mean annual soil temperatures for each site.
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Chapter 4
Results and Discussion
Soil temperatures were collected at each site ± 5 days of the 15th of each month for than
ten years. In the winter and spring months if the thermocouple apparatus was buried in snow and
unable to be found, soil temperature measurements were not taken. The data used for
observations in this study are based only on the soil temperatures recorded from the upper
thermocouple, 50 centimeters below the soil surface, because that is the pertinent depth for soil
classification as defined by the USDA’s Keys to Soil Taxonomy.
Mean annual soil temperatures for each year, as well as an average of all years are
presented for each site. Comparisons of sites and prominent features – vegetation, slope,
landscape position – will also be presented and discussed in this section.
Conway North
The Conway North site is representative of a highly productive summer and fall
rangeland soil, with vegetation consisting of grasses and shrubs. This soil was found on 33 %
mountain backslopes, with little bare soil covered by approximately 63 % rock fragments on the
surface. The mean annual soil temperature, averaged over the study period was 7.8 ºC. The
warmest and coldest years occurred in 2002 and 1998, measured at 9.2 and 6.8 ºC, respectively
(Figure 13).
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Figure 13. Conway North mean annual soil temperature (MAS) for each year and the average
MAS over the study period.

Conway Ridge
The Conway Ridge site is representative of a low production rangeland soil, with
vegetation consisting of sparse grasses and small shrubs. The warmest soil temperatures for this
site were recorded in July, August, and September. The Conway ridge site represents a soil that
is exposed to the extremes of sun, wind, and snow. The mean annual soil temperature at CR,
averaged over the study period, was 9.3 ºC. The warmest annual average temperatures occurred
in 2002 and 2007, measured at 10.2 ºC. The coldest annual soil temperature was measured in
1998, recorded at 7.6 ºC (Figure 14).
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Figure 14. Conway Ridge mean annual soil temperature (MAS) for each year and the average
MAS over the study period.

Conway ARVA
The Conway ARVA site is representative of a highly productive summer and fall
rangeland soil, with vegetation consisting of annual and perennial grasses and shrubs. This site
is densely vegetated with approximately 35 % rock fragments found on intermittent bare soil
surfaces. The mean annual soil temperature of this linear mountain backslope position, averaged
over the study period, was 9.1 ºC. The warmest and coldest years occurred in 2002 and 1998,
measured at 10.2 and 7.3 ºC, respectively (Figure 15).
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Figure 15. Conway ARVA mean annual soil temperature (MAS) for each year and the average
MAS over the study period.

Limber Pine
The Limber Pine site is representative of a well established forest soil, with vegetation
consisting of Western White Pine, Lodgepole Pine, as well as sparsely distributed annual and
perennial grasses. This site is located on a linear mountain backslope with virtually all bare soil
covered by plant litter and rock fragments. The mean annual soil temperature, averaged from
each year over the study period, was 6 ºC. The warmest years occurred in 2001 and 2002, each
measured at approximately 6.8 ºC. The coldest year occurred in 2005, with a mean annual soil
temperature of 4.8 ºC (Figure 16).
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Figure 16. Limber Pine mean annual soil temperature (MAS) for each year and the average
MAS over the study period.

Aspen Sites
The Aspen 1 and Aspen 2 sites are representative of highly productive, north facing
aspen stands with an under story of annual and perennial grasses and forbs. The mean annual soil
temperatures at Aspen 1 and Aspen 2 over the study period were 7.5 and 7.1 ºC, respectively. At
A1 and A2, the warmest mean annual soil temperatures occurred in 2002, while the coldest
MAST occurred a year later in Aspen 2 than Aspen 1(Figure 17). The primary difference
between these sites is slope shape and position; Aspen 1 is located on a linear mountain footslope
and Aspen 2 is on a concave mountain toeslope.
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Figure 17. Aspen 1 (A) and Aspen 2 (B) mean annual soil temperatures (MAS) and the average
MAS over the study period.

Conway Snowbush
This north-facing, concave slope represents a site position that is thought to have once
been occupied by a pine community, likely removed through some anthropogenic disturbance
prior to the beginning of this study. This concave site position is densely vegetated by
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ceanothus, with some grasses and bare soil between larger shrubs. The warmest mean annual soil
temperatures occurred in 2002 and 2007, measured at 7.1 and 7.2 ºC, respectively. Mean annual
soil temperature was significantly cooler in 2005 than all other years over the study period,
measured at 3.5 ºC (Figure 18).
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Figure 18. Conway Snowbush mean annual soil temperature (MAS) for each year and the
average MAS throughout the study period.

Annual Soil Temperature Profile
Monthly soil temperatures each year are quite variable over the 10 year study period. The
average trend for the ARVA site (and for each site) is a good representation of monthly
temperatures in a normal year. Soil temperatures are warmest in the summer months, June
through September, and coldest from December until March (Figure 19).
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Figure 19. Monthly soil temperature variability for each year and the average annual trend of
soil temperature at the Conway ARVA site, 1998-2008.

Summer and Winter
The difference between summer month (June, July, and August) and winter month
(December, January, and February) soil temperatures is approximately 10 ºC at Site CS and
shows trends of decreasing. Over the study period average soil temperatures during summer
months have decreased by approximately .19 ºC/ year, while average soil temperatures during
winter months have increased by approximately .05 ºC/year. This trend in winter and summer
soil temperature range decrease indicates a response to recent disequilibrium of the natural
system caused by events prior to this study (Figure 20).
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Figure 20. The mean annual soil temperature difference between summer and winter months at
the Conway Snowbush site.

The other sites also show notable changes in summer and winter soil temperatures over
the study period, 1998-2008. The sites CN, CR, and CA show a trend of soil temperature
increase in summer months, while A1, A2, and CS exhibit a decreasing trend. In winter months
the sites CN, CR, and A2 show a decreasing trend, while A1, CA, and CS exhibit an increasing
trend in soil temperature 50 cm below the soil surface. The Limber Pine site shows virtually zero
change in summer and winter soil temperature over the study period, with higher correlation
coefficients (R2) than the other study sites, of 0.168 in the summer and 0.451 in winter months
(Table 10).
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Table 10. Trend of summer and winter soil temperature change 50 cm below the soil surface.
R2
Winter ∆Temp ‡
R2
Site
MAST (°C) Summer ∆Temp †
Conway North
7.8
0.040
0.021
-0.024
0.025
Conway Ridge
9.3
0.139
0.180
-0.035
0.032
Conway ARVA
9.1
0.087
0.069
0.008
0.001
Limber Pine
6.0
0.001
0.168
0.001
0.451
Conway Aspen
7.5
-0.073
0.084
0.144
0.409
Conway Aspen 2
7.1
-0.037
0.013
-0.016
0.004
Conway Snowbush
6.2
-0.190
0.208
0.049
0.045
† Slope of the linear trendline representing change in average summer (June, July, and August)
soil temperatures 50 cm below the soil surface, 1998-2008.
‡ Slope of the linear trendline representing change in average winter (December, January, and
February) soil temperatures 50 cm below the soil surface, 1998-2008.

The ridge site, CR, exhibits the greatest difference in mean summer (June, July, and
August) and winter (December, January, and February) soil temperature due to its convex slope
shape, sparse vegetation, and therefore unhindered exposure to the elements. The sites with high
plant litter accumulation and some canopy effect for soil shading – A1, A2, CS, LP – display the
smallest difference between summer and winter soil temperatures at 50 cm below the soil surface
(Figure 21).
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Figure 21. Difference between mean summer and winter soil temperatures at 50 cm deep.
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Slope
The Aspen 1, Aspen 2, and ARVA sites have a slope of approximately 15 %. ARVA is
significantly warmer in the summer months and colder in the winter months than the Aspen sites
(Figure 22).
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Figure 22. Monthly soil temperature comparison of sites with the same slope: A1, A2, and CA.

There was a 5° C difference between the Aspen and ARVA sites in peak summer months,
indicating there must be factors other than slope influencing soil temperature. In this case, the
obvious difference between these sites was vegetation type. The A1 and A2 sites had tree
canopies 15 – 20 feet high shading the soil, while CA had predominantly grass and shrub
vegetation. Also, at A1 and A2 the ground was covered with leaf litter from the Aspen canopy,
while CA contained less surface debris and had some exposed bare soil. These results agree with
the conclusions made by Shur et al. (1993) about the importance of shade from trees and surface
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organic matter accumulation from plant litter for insulation. Soil temperatures in a cleared field
are, therefore, colder in the winter and warmer in the summer compared to similar sites with
more vegetation.
Vegetation
Vegetative abundance appeared to buffer the soil system from extreme high and low
temperature fluctuations. The CA and A1 sites have the same slope, aspect, slope shape, and
surface rock fragment abundance, however, CA was hotter in summer months because the soil
was less shaded, losing soil water quickly. In the spring, snow sat at A1 until April, while the
snow was gone and temperature increased by March at site CA. Living vegetation and its plant
litter debris helped insulate the soil, damping soil warming by up to 5° C. Plant litter insulation at
A1 aids in the predictability and smoothness of the temperature profile, while the CA site cooled
very quickly, remaining significantly colder than A1 for 3 months in normal years.
The dominant vegetation on the Conway Ridge site was Low Sage, which does not
provide good ground cover or potential insulation from plant litter accumulation. This site is
found on a convex shoulder position, and due to its slope position CR was more exposed to wind
and solar radiation than the other study sites. Without substantial vegetation, snow blows off
faster, persisting on the soil surface for a shorter time into the spring. In May, the CR site was the
same temperature as the Limber Pine site at its maximum annual temperature in August. In
summer months, the CR site was directly exposed to the sun for most of the day, whereas the LP
site was shaded by nearby Western White Pine and Lodgepole Pine trees (Figure 23).
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Figure 23. Significance of vegetative type and slope-shape on mean annual soil temperatures at
the LP and CR sites.

Landscape Position and Slope-shape
The LP site was located on a N-NE facing, linear mountain backslope. Snow tended to
build up at this area due to its mild slope and north aspect, and persisted on the soil surface into
the late spring or early summer months due to shading from the tree canopy above. Limber Pine
soil temperatures fluctuated annually by only about 10 °C while average summer high and winter
low temperatures can varied in excess of 20 °C at the CR site (Figure 23).
The Aspen1 and Aspen 2 sites were north facing, with the same slope, and nearly
identical vegetative density. The only significant difference was slope-shape and landscape
position. The A1 site was located on a linear footslope, while the A2 site was located on a
concave toeslope position. Over the study period, annual temperatures at these sites followed the
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same cooling trend but varied slightly in magnitude, also with some monthly variability. The
Aspen 2 site is cooler than Aspen 1 in all years and seasonal low temperatures take longer to
recover at A2 (Figure 24).
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Figure 24. Two-year comparison of soil temperatures at Aspen 1 and Aspen 2, 2005 and 2006.

For nearly identical sites, slope shape may influence soil texture, plant litter accumulation
and thus water holding capacity. The A2 site was slightly concave so subsurface water remained
in the soil longer than at A1, acting as a temperature buffer, remaining cooler for longer in
summer months than the A1 site. In 2005, for example, the soil temperature at A1 increased in
April while at A2 the temperature increase was suppressed until May. Mean annual soil
temperatures at A1 and A2 are nearly the same, but the minor variation can be attributed to
differences in landscape position and slope-shape.
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Soil Taxomonomy
Measurement of soil temperature is essential to the taxonomic description of soils and
may potentially influence the designation of map units within a soil survey area and thus land
management. The data recorded at these seven sites over the 10 year study period reveal a trend
of local, if not regional change in soil temperature (Table 10). According to the temperatures
measured at 50 cm deep, 3 out of seven sites have different temperature regimes now than those
described at the beginning of the study (Table 11).
Table 11. Soil temperature regime for study sites based on data collected for mean annual soil
temperature (MAST), mean summer temperature (MST: June, July, and August), and mean
winter temperature (MWT: December, January, and February).
Temperature Regime
Temperature Regime MAST MST- MWT
(°C)
(°C)
(actual) ‡
Site
(predicted) †
Conway North
Frigid
7.8
15.6
Frigid
Conway Ridge
Frigid
9.3
18.8
Mesic
Conway ARVA
Frigid
9.1
15.5
Mesic
Limber Pine
Frigid
6.0
6.2
Cryic
Conway Aspen
Cryic
7.5
10.8
Cryic
Conway Aspen 2
Cryic
7.1
9.3
Cryic
Conway Snowbush
Cryic
6.2
8.6
Cryic
† Estimated soil temperature regime, established at the time of soil description and thermocouple
installation, fall 1998.
‡ Actual soil temperature regime based on mean annual soil temperature data, 1998-2008.

These results indicate a lack of precision when establishing soil temperature regimes for
sites within a relatively small area at different landscape positions, on a single landform. In most
cases, the soil scientist in charge of the survey must make a best estimate of the temperature
characteristics of a site based on previous soil surveys, if available, and current regional climate
data. It is not likely that the changes in soil temperature regimes for these sites would affect land
use, but they certainly change the taxonomic organization of these sites based on The Keys to
Soil Taxonomy.
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Chapter 5
Conclusion
Soil temperature is highly variable within this relatively small area (≈1300 acres). With
sites found on the same landform at approximately the same elevation, variations in soil
temperature are controlled primarily by surficial features: slope shape, vegetative density and
exposure of bare soil. The most stable and predictable soil temperatures occured at sites with
well established, mature vegetation consisting of high-canopy trees providing shade and low
grasses and shrubs contributing to organic matter debris at the soil surface. In fact, the only site
at which the temperature remained virtually the same over the ten year study was the Limber
Pine site; a site with well established, high canopy vegetation and nearly 100 % ground cover by
plant litter.
Vegetation, and subsequently plant litter, had dramatic effects on buffering changes in
soil temperature. The sites that best displayed the controls on soil temperature are the ones that
were the most different. The Conway Ridge site, at one extreme, can be compared to the LP, A1,
or A2 site to establish the prominent controls on soil temperature. Convex slope positions are
subject to high wind, intense solar radiation, and in the case of CR, an abundance of bare soil
with scarce vegetation. Slope aspect is expected to influence the incidence and severity of solar
radiation reaching the soil surface, but unfortunately in this study most of the sites tended to the
north. For further clarity, subsequent studies should incorporate analogous sites with opposing
aspect (i.e. north vs. south).
Measurement of soil temperature for taxonomic purposes is difficult because of the high
variability of climate and precipitation within a survey area. This study was unique because it
had been an ongoing operation for well over a decade, incorporating a variety of landscapes.
Though these data were revealing about the nature of soil temperatures within single landform
36

over time, it is implausible that other survey areas throughout the nation will have the time or
resources to devote to such a study. For this reason, soil temperature is commonly estimated by
adding 1 ºC to the mean annual air temperature. Unfortunately, as pointed out earlier, in many
regions this compensation should be 2 or 3 ºC (Table 1).
The concept of “summer months” and “winter months” is especially an issue of concern
in regions where isostacy may occur. Trejedor et al. (2009) proposed that instead of choosing
June, July, and August to represent “summer months” and December, January, and February to
represent “winter months” we should consider an average of the three true hottest and coldest
months. The problem is that this requires extensive measurement and human resources. Also,
temperature in natural systems is highly variable from year to year and in most cases soil
scientists are on a tight schedule to finish surveys as soon as possible.
The data collected in this study, and previous work by the NRCS and Trejedor et al.
(2009), suggests that the methods by which we measure and use soil temperature to classify soils
are less than precise. A complete overhaul of the Keys to Soil Taxonomy may be necessary to
eradicate this lack of precision, but for the time being soil temperature should only be a
secondary characteristic for distinction of soils within a survey area.
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